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(57) ABSTRACT

A method is provided for making a container having a body
and a rim defining an opening for the container, the opening
being capable of being closed by a push-on lid, the container
being made of a material which is susceptible to deformation
when heated.
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1
CONTAINER WITH A RIM PORTION
DEFINING AN OPENING, METHOD AND
APPARATUS MAKING SAID CONTAINER

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a National Stage filing of International
Application PCT/GB 2011/050960, filed May 20, 2011,
claiming priority to Application No. GB 1008520.7 filed May
21,2010, and is a continuation-in-part of U.S. application Ser.
No. 12/827,311 filed Jun. 30, 2010, the international applica-
tion entitled “A CONTAINER WITH A RIM PORTION
DEFINING AN OPENING, METHOD AND APPARATUS
MAKING SAID CONTAINER” The subject application
claims priority to PCT/GB 2011/050960, to GB 1008520.7,
and to U.S. application Ser. No. 12/827,311, and incorporates
all by reference herein, in their entirety.

This invention relates to a method of manufacturing a
container which can be closed by a push-on lid, to apparatus
for manufacturing the container, to a container and to a lid for
the container. The invention is particularly, though not exclu-
sively, suitable for use with containers made of PET or PEN
thermoplastic materials.

BACKGROUND OF THE INVENTION

Containers made from material which is susceptible to
deformation when heated, in particular thermoplastic mate-
rials such as PET or PEN, are well known. The use of such
materials to manufacture the container allows a preform to be
made and then subsequently expanded under pressure to
obtain a finished article. The use of such preforms is known in
the art, for example in W097/19801, W0O97/19806 and
W02003/095170.

Containers for materials such as paint are required to be
secure, such that the lid of the container does not readily come
off, e.g. when dropped from a height.

There is therefore a need for containers, made from mate-
rial which is susceptible to deformation when heated, which
have a design such that the 1id is securely attached and does
not readily come off.

SUMMARY OF THE INVENTION

The invention provides, in a first aspect, a method of mak-
ing a container having a body and a rim defining an opening
for the container, the opening being capable of being closed
by a push-on lid, the container being made of'a material which
is susceptible to deformation when heated, the method com-
prising the steps of:

a) providing a preform made of a material which is suscep-
tible to deformation when heated, the preform being in the
shape of a closed-end tube with a rim at its mouth, the rim
comprising: an outward generally-radial flange having an
upper surface and a lower surface, the flange extending from
aradially inner end to a radially outer end, the tube depending
from the radially inner end of the flange; a first detent simul-
taneously formed with the flange as an upstanding elongate
projection from the upper surface of the flange, which detent
is located at or near the radially inner end of the flange; and a
second detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface of the
flange, which detent is located at or near the radially outer end
of the flange;
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b) placing the preform in a pressure moulding apparatus at
an elevated temperature with the preform being located in the
apparatus at least in part by the second detent;

¢) expanding the tube under pressure to form the body of
the container; and then

d) moving the first detent in a controlled manner down-
wardly and outwardly relative to the second detent so that the
first detent projects inwardly into the opening for the con-
tainer;

wherein the movement of the first detent downwardly and
outwardly relative to the second detent is controlled such that
after step d) the first detent projects inwardly into the con-
tainer, with its elongate axis at an angle of from 60° to 120° to
the elongate axis ofthe second detent, such that the first detent
forms an internal rim.

Such a method is advantageous as it allows a container to
be produced that has an internal rim, which can engage with
a lid and prevent it from coming off, e.g. when the container
is dropped.

In particular, the controlled movement of the first detent
permits a product to be formed that has an internal rim in a
desired location, having its elongate axis at an angle of from
60° to 120° to the elongate axis of the second detent. This
contrasts with prior art techniques that only involved move-
ment of the first detent downwardly and outwardly by virtue
of'the “blowing out” pressure used to expand the tube to form
the body of the container. This technique has been found to, in
practice, only permit the detent to be moved about 5 to 10° or
so from the vertical and thus would result in an internal rim
having its elongate axis at an angle of significantly less than
60° to the elongate axis of the second detent.

In other words, the present invention recognised that there
was a problem associated with using the “blowing out” pres-
sure that is used to expand the tube to form the body of the
container to also move the detent to form an internal rim, as in
W097/19806 and WO2003/095170.

The controlled movement of the first detent in step d) may
be the only movement of the first detent, or may be in addition
to movement of the first detent associated with the expansion
of the tube to form the body of the container.

In other words, when the tube is expanded under pressure
to form the body of the container in step c), the first detent
may be allowed to move to the extent that this is caused by the
tube expanding (and therefore moving downwardly and out-
wardly), which can in turn cause some downward movement
of the radially inner end of the flange and the first detent
(which are of course attached to the tube). This movement of
the first detent is not caused by blowing out pressure being
exerted on it from above, but is caused by the attached tube
below causing a downward pulling force as it is expanded
downwardly and outwardly to form the container body.

It will of course be appreciated by the skilled reader that
when reference is made to the tube being expanded out-
wardly, this is not the same direction as the direction moved
by the first detent when it moves downwardly and outwardly
with respect to the second detent. The first detent is moving to
form an internal rim inside the container and so its movement
is to a location within the walls of the preform tube that have
expanded outwardly to form the container.

In particular, the first detent may be shielded from the
pressure applied in step ¢). This may be due to it being located
in the pressure moulding apparatus in a location that is not
exposed to the pressure applied in step ¢). In one embodiment,
the first detent is located in the pressure moulding apparatus
in alocation that is separated from the inside of the tube which
is to be exposed to the pressure to cause expansion of the tube.
This is described in more detail below.
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Preferably the first detent remains shielded from the pres-
sure applied in step c), e.g. due to it being located in the
pressure moulding apparatus in a location that is not exposed
to the pressure applied in step c¢), until after step ¢) is com-
pleted. Therefore it is preferred that first detent is initially
located such that even after any downward movement that is
caused by the tube expanding, it remains in a location that is
shielded from the pressure. For example, it may be that it
moves downwardly within a corridor, and moves down-
wardly within that corridor but no further than the mouth of
the corridor.

The controlled movement of the first detent downwardly
and outwardly relative to the second detent is controlled to
only occur after step ¢). Further, any movement before step d)
is not caused directly by blowing out pressure. Instead, any
such movement is caused by a downward pulling force from
the expansion of the tube.

The invention may, in one embodiment, provide a method
of making a container having a body and a rim defining an
opening for the container, the opening being capable of being
closed by a push-on lid, the container being made of a mate-
rial which is susceptible to deformation when heated, the
method comprising the steps of:

a) providing a preform made of a material which is suscep-
tible to deformation when heated, the preform being in the
shape of a closed-end tube with a rim at its mouth, the rim
comprising: an outward generally-radial flange having an
upper surface and a lower surface, the flange extending from
aradially inner end to a radially outer end, the tube depending
from the radially inner end of the flange; a first detent simul-
taneously formed with the flange as an upstanding elongate
projection from the upper surface of the flange, which detent
is located at or near the radially inner end of the flange; and a
second detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface of the
flange, which detent is located at or near the radially outer end
of the flange;

b) placing the preform in a pressure moulding apparatus at
an elevated temperature with the preform being located in the
apparatus at least in part by the second detent;

¢) expanding the tube under pressure to form the body of
the container; and then

d) moving the first detent downwardly and outwardly rela-
tive to the second detent so that the first detent projects
inwardly into the opening for the container;

wherein the movement of the first detent downwardly and
outwardly relative to the second detent is controlled to only
occur after step ¢), and such that after step d) the first detent
projects inwardly into the container, with its elongate axis at
an angle of from 60° to 120° to the elongate axis of the second
detent, such that the first detent forms an internal rim.

The invention may, in one embodiment, provide a method
of making a container having a body and a rim defining an
opening for the container, the opening being capable of being
closed by a push-on lid, the container being made of a mate-
rial which is susceptible to deformation when heated, the
method comprising the steps of:

a) providing a preform made of a material which is suscep-
tible to deformation when heated, the preform being in the
shape of a closed-end tube with a rim at its mouth, the rim
comprising: an outward generally-radial flange having an
upper surface and a lower surface, the flange extending from
aradially inner end to a radially outer end, the tube depending
from the radially inner end of the flange; a first detent simul-
taneously formed with the flange as an upstanding elongate
projection from the upper surface of the flange, which detent
is located at or near the radially inner end of the flange; and a
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second detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface of the
flange, which detent is located at or near the radially outer end
of the flange;

b) placing the preform in a pressure moulding apparatus at
an elevated temperature with the preform being located in the
apparatus at least in part by the second detent;

¢) expanding the tube under pressure to form the body of
the container, wherein the expansion of the tube may option-
ally cause some movement of the first detent; and then

d) moving the first detent in a controlled manner down-
wardly and outwardly relative to the second detent so that the
first detent projects inwardly into the opening for the con-
tainer;

wherein the controlled movement of the first detent down-
wardly and outwardly relative to the second detent is such that
after step d) the first detent projects inwardly into the con-
tainer, with its elongate axis at an angle of from 60° to 120° to
the elongate axis ofthe second detent, such that the first detent
forms an internal rim.

In one embodiment of the first aspect of the invention, the
controlled movement of the first detent in step d) does not
begin at all until step ¢) of expanding the tube under pressure
to form the body of the container is complete.

However, in another embodiment, it could be that step ¢) of
expanding the tube under pressure to form the body of the
container is started but has not been entirely completed when
step d) of carrying out the controlled movement of the first
detent is started.

It is required that step c¢) of expanding the tube under
pressure should have at least started when step d) is started.

It may suitably be that step ¢) of expanding the tube under
pressure to form the body of the container is completed
before, or at the same time as, the completion of step d) of
carrying out the controlled movement of the first detent. It is
desirable that there is no further expansion of the tube to form
the body of the container after the controlled movement of the
detent in step d), as there should not be any further movement
of the side walls of the preform tube (or the container body
formed therefrom) that could in turn cause movement of the
flange and first detent attached to the tube. In other words, it
is desirable that the controlled movement of the first detent in
step d) is the final movement of that detent, such that its
position as achieved in that step is the final position in the end
container. Ifthe expansion of the preform tube continued after
step d) was complete, there would be a risk that the control of
the position of the internal rim would be lost.

As noted above, the present invention relates to the recog-
nition that movement of the detent that relies on the expansion
of the tube body/“blowing out” pressure being applied is not
sufficient to achieve the desired location of the internal rim
and furthermore is not controlled and hence cannot allow
reliable and repeatable positioning of the rim. Thus it is pos-
sible to allow movement of the detent due to the expansion of
the tube body before the controlled movement of the detent
occurs, as the controlled movement will ensure the required
further movement to achieve the intended location of the
internal rim is obtained, but no movement of the detent due to
the expansion of the tube body should be allowed after the
controlled movement, as this could result in the internal rim
not being correctly positioned.

It will be appreciated by the skilled reader that after a
preform has been expanded to form a container, an indenta-
tion in the base of the container may be formed. This may be
achieved by the use of a suitably shaped base plate (also
known as a base punt) being moved against the outside of the
base of the container whilst the material of at least that part of
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the container is still soft. It is conventional in the art for a
pressure to be maintained within the container (e.g. for the
“blowing out” pressure that was used to expand the tube to
form the body of the container to be maintained) whilst the
base plate engages with and shapes the base of the container,
in order to ensure that the remainder of the container retains
its desired shape. However it will be appreciated that any such
step that is carried out is not part of step ¢) of expanding the
tube under pressure but rather is a separate step of forming the
required shape of the base of the container whilst maintaining
an internal pressure within the container as required. This step
does not cause expansion of the tube and hence is not a
concern in terms of causing uncontrolled movement of the
first detent after it has been moved into position by step d).

Therefore after step d) there may optionally be a step of
forming an indentation in the base of the container.

The container must have a body and a rim defining an
opening but other than this the exact size and shape of the
container is not particularly limited. In one embodiment, the
body of the container is substantially cylindrical in shape but
it will be appreciated that other shapes are possible. The
container may or may not have a neck between the body and
the opening. In the present invention a container may be, for
example, a bottle, a can (such as a can of the type that can
contain paint), an aerosol container, or the like.

A key feature of the invention is that the first detent which
forms the internal rim in the container is moved into its final
position in a controlled manner after the application of pres-
sure to expand the tube. This ensures that the desired location
for the rim is achieved.

In one embodiment, the first detent is only moved to form
the internal rim after the application of pressure to expand the
tube, and itis moved in a controlled manner to ensure correct
positioning of the internal rim. In another embodiment, the
first detent is initially moved downwardly and outwardly
relative to the second detent due to the expansion of the tube
causing a downward force on the flange and first detent, and
then after the application of pressure to expand the tube it is
moved further, in a controlled manner, to ensure correct posi-
tioning of the internal rim.

Some previous methods (e.g. in W0O97/19806) have spe-
cifically looked to move the detent by the application of the
“blowing out” pressure. This would move the detent in an
uncontrolled manner. Further, as noted above, it has been
recognised that the movement achieved by this technique is
only about 5 to 10 degrees from the vertical and so would
result in an internal rim that was much less useable and less
able to form a secure closure. In addition, the use of a con-
trolled movement of the detent to an angle of from 60° to 120°
to the elongate axis of the second detent is beneficial in that it
results in significant stretching of the flange as well as move-
ment of the detent, and therefore the location of the internal
rim is significantly further inside the container. Again, this
makes the internal rim more useable and provides the oppor-
tunity for a more secure closure.

The present invention provides containers that have an
internal rim, where the internal rim is formed in a controlled
manner such that its positioning is accurate and reproducible.
This was lacking in previous techniques for making contain-
ers. The controlled reproducibility is key when obtaining a
product that has an internal rim which can engage with a lid
and prevent it from coming off (e.g. when the container is
dropped) to a repeatable and commercially useful degree.

It was not previously even recognised that the methods
used for forming internal rims in containers of this type were
insufficiently accurate and reproducible to be usetul for pro-
viding good and secure sealing mechanisms.
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Further, the methods of the present invention permit con-
tainers to be made where the internal rim is positioned further
within the container than was previously possible.

It was not previously even recognised that the methods
used for forming internal rims in containers of this type were
not able to provide an internal rim far enough within the
container to allow good and secure sealing mechanisms.

Further, the methods of the present invention permit con-
tainers to be made where the internal rim is positioned at an
angle of 90°+30° to the container’s inner wall, which was not
achieved in the prior methods.

It was not previously even recognised that the methods
used for forming internal rims in containers of this type were
not able to provide an internal rim at this angle, to ensure the
container could allow good and secure sealing mechanisms.

In relation to discussion of all aspects of this invention, it
should be noted that the preform and the eventual container
are assumed to be in conventional orientation; that is with the
mouth at the top and the base at the bottom. The terms “up”
and “down”, “horizontal” and “vertical”, and the like, should
therefore be construed in this sense, unless the context clearly
indicates otherwise. However the skilled reader will appreci-
ate that in fact the actual orientation of the preform or the
container may be different from this.

The preform provided in step a) may suitably have been
injection moulded.

In one embodiment, step a) comprises the step of creating
the preform, using a suitable apparatus, in order to provide the
preform. In one such embodiment, step a) comprises the step
of injection moulding the preform in an injection moulding
apparatus in order to provide the preform. In an alternative
embodiment, however, the preform may be created in a sepa-
rate stage (whether by injection moulding or otherwise) that
is not part of the claimed method and therefore the preform is
simply provided in step a), having already been made.

Therefore the container may be made in a “one stage pro-
cess”, where the preform is made and then converted to the
container in a single process, or it may be made in a “two stage
process”, where the preform is made in a first process and this
preform is then used ina second process, where it is converted
to the container, with these two processes being separate.

For example, it may be desirable to manufacture the pre-
forms on a first production line in a first location, and to
manufacture the containers from the preforms (using the
method of the first aspect) on a second production line in a
second location. Equally, it might be desirable for a third
party to manufacture and supply the preforms, which are then
used to manufacture the containers from the preforms (using
the method of the first aspect).

However, in other embodiments it may be convenient to
manufacture the preforms and then manufacture the contain-
ers from the preforms on a single production line in a single
location.

The preform provided in step a) has a first detent that is
located at or near the radially inner end of the flange. In this
regard, it is preferred that the first detent is located between
the radially inner end of the flange and the midpoint of the
radially inner end of the flange and the radially outer end of
the flange. Accordingly, the linear distance between the first
detent and the radially inner end of the flange is less than 50%
than of the total linear distance between the radially inner end
of the flange and the radially outer end of the flange. In one
preferred embodiment, the linear distance between the first
detent and the radially inner end of the flange is less than 40%,
such as less than 30%, or less than 25%, of the total linear
distance between the radially inner end of the flange and the
radially outer end of the flange. It may be that the linear
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distance between the first detent and the radially inner end of
the flange is 20% or less, such as 15% or less or 10% or less,
of the total linear distance between the radially inner end of
the flange and the radially outer end of the flange.

In one embodiment, the first detent extends from the flange
for a length of from 0.5 mm or more, preferably 1 mm or
more, e.g. from 1 mm to 10 mm; more preferably 1.5 mm or
more, such as from 1.5 mm to 10 mm; for example 2 mm or
more, e.g. from 2 mm to 5 mm. For example, the first detent
may extend from the flange for a length of from 3 to 4 mm.

The mouth of the preform may in one embodiment have an
internal diameter of from 25 mm or more, preferably 50 mm
or more, e.g. from 50 mm to 1000 mm; more preferably 75
mm or more, such as from 75 mm to 500 mm; for example 100
mm or more, e.g. from 100 mm to 300 mm. For example, the
mouth of the preform may have an internal diameter of from
100 to 250 mm.

In one embodiment, in the preform provided in step a) the
first detent has its inner periphery substantially perpendicular
to the upper surface of the flange. Preferably, in the preform
the first detent has its outer periphery substantially perpen-
dicular to the upper surface of the flange.

The preform provided in step a) has a second detent that is
located at or near the radially outer end of the flange. In this
regard, it is preferred that the second detent is located between
the radially outer end of the flange and the midpoint of the
radially inner end of the flange and the radially outer end of
the flange. Accordingly, the linear distance between the sec-
ond detent and the radially outer end of the flange is prefer-
ably less than 50% than of the total linear distance between
the radially inner end of the flange and the radially outer end
of the flange. In one preferred embodiment, the linear dis-
tance between the second detent and the radially outer end of
the flange is less than 40%, such as less than 30%, or less than
25%, of the total linear distance between the radially inner
end of the flange and the radially outer end of the flange. It
may be that the linear distance between the second detent and
the radially outer end of the flange is 20% or less, such as 15%
or less or 10% or less, of the total linear distance between the
radially inner end of the flange and the radially outer end of
the flange.

In one embodiment, the preform has more than two detents
simultaneously formed with the flange as an upstanding elon-
gate projection from the upper surface of the flange, for
example it may have three or more such detents, e.g. three,
four or five such detents.

In a preferred embodiment, the preform provided in step a)
has a third detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface of the
flange, located between the first detent and the second detent.

Preferably, the third detent and second detent between
them define a trough, suitable for receipt ofa correspondingly
shaped sealing projection on the container lid, there being a
sealing portion in the trough for sealing engagement with the
sealing projection of the lid.

In one such embodiment, the third detent is located sub-
stantially half way between the first detent and the second
detent. For example, it may be that the linear distance
between the third detent and the second detent is equal to the
linear distance between the third detent and the first detent, or
these distances may differ by an amount that is not more than
20%, such as not more than 15%, or not more than 10%, of'the
total linear distance between the first detent and the second
detent.

In one embodiment, the second detent is provided with an
outwardly facing protrusion, suitable for engaging with an
engaging portion on the container lid. The second detent may,
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for example, have its outer face sloped so as to create a
protrusion, e.g. due to the outer face sloping outwardly from
top to bottom. The second detent may equally have a separate
protrusion extending from the outer face.

In one embodiment, the first detent extends continuously
around the mouth of the preform provided in step a). This will
provide a container that has a continuous internal rim that can
be used to receive a “push-fit” type lid.

In another embodiment, the first detent is discontinuous,
for example it may be made up of two or more sections, such
as three, four, five, six, seven, eight, nine, ten or more sec-
tions. This will provide a container that has a discontinuous
internal rim that can be used to receive a “bayonet-fit” type
lid. The sections may be spaced apart regularly or irregularly.
For example, the first detent may be discontinuous and made
up of four or eight regularly spaced detent sections.

In one embodiment, the spaces between the detent sections
are equal to or smaller than the detent sections themselves. In
another embodiment, the spaces between the detent sections
are larger than the detent sections themselves. Preferably, the
detent sections make up 30% or more of the total circumfer-
ence of the first detent, such as 40% or more, e.g. 50% or
more, such as 60% or more. In one embodiment, the detent
sections make up from 30% to 95% of'the total circumference
of'the first detent, such as from 40% to 90%, e.g. from 50% to
90%, such as 60% to 85%.

In one embodiment, one or more of the detent sections are
provided with a protrusion which can act to prevent rotation
of the lid relative to the container.

In one embodiment, the second detent extends continu-
ously around the mouth of the preform. This may be advan-
tageous in providing a complete seal for the container.

In an alternative embodiment, the second detent is discon-
tinuous around the mouth of the preform. This embodiment
may be used for applications where having a sealed container
is less important.

For example, the second detent may be made up of two or
more sections, such as three, four, five, six, seven, eight, nine,
ten or more sections. The sections may be spaced apart regu-
larly or irregularly. In one embodiment, the spaces between
the detent sections are equal to or smaller than the detent
sections themselves. In another embodiment, the spaces
between the detent sections are larger than the detent sections
themselves. Preferably, the detent sections make up 30% or
more of the total circumference of the second detent, such as
40% or more, e.g. 50% or more, such as 60% or more. In one
embodiment, the detent sections make up from 30% to 95%
of the total circumference of the second detent, such as from
40% to 90%, e.g. from 50% to 90%, such as 60% to 85%.

The preform and resultant container are made of a material
which is susceptible to deformation when heated. This could
be glass. However, the invention is particularly suitable for
making containers out of certain plastics materials, particu-
larly thermoplastics. Materials such as polyethylene tereph-
thalate (PET), polyethylene naphathalate (PEN), and
co-polymers and blends of these two materials, in both crys-
talline and amorphous form, could be viable. Reference to
polyethylene terephthalate (PET) includes recycled PET.
Reference to polyethylene terephthalate (PET) includes both
white (opaque) PET and transparent PET.

In one embodiment, the preform provided in step a) is
shaped such that in the resultant container the rim is narrower
than the body. In one such embodiment, the preform provided
in step a) is shaped with the rim narrower than the tube, such
that in the resultant container the rim is narrower than the
body. This is advantageous in that it allows a handle to be
incorporated into the rim area without affecting the overall
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width of the container. Therefore the containers can be
stacked together more easily, without space being wasted
between containers that are placed side to side.

For example, in the resultant container the width of the rim
may be 90% or less of the width of the body, such as 85% or
less, e.g. 80% or less. It may be that in the resultant container
the width ofthe rim is from 10to 90% of the width of the body,
such as from 25 to 85%, e.g. from 40 to 80%.

Step b) is suitably carried out using pressure moulding
apparatus having mould parts defining a mould cavity and
comprising: a securing component that permits the location
of'the preform in the mould cavity with the second detentin a
fixed location therein; a generator of a pressure differential
between the interior of the tube and the exterior to expand the
tube into contact with the mould parts defining the mould
cavity; and a source of controlled downward pressure, e.g. of
600 kPa or higher, that can act to move the flange and the first
detent downwardly and outwardly relative to the second
detent such that the upper surface of the flange faces inwardly
and the first detent projects inwardly into the opening for the
container, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent, such that the
first detent forms an internal rim.

Step b) may in one embodiment be carried out using pres-
sure moulding apparatus having mould parts defining a
mould cavity and comprising: (i) a securing component that
permits the location of the preform in the mould cavity with
the second detent in a fixed location therein, (ii) a generator of
apressure differential between the interior of the tube and the
exterior to expand the tube into contact with the mould parts
defining the mould cavity; (iii) a shield for shielding the first
detent from the pressure that is applied to expand the tube;
and (iv) a source of controlled downward pressure, e.g. of 600
kPa or higher, that can act to move the flange and the first
detent downwardly and outwardly relative to the second
detent such that the upper surface of the flange faces inwardly
and the first detent projects inwardly into the opening for the
container, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent, such that the
first detent forms an internal rim.

Preferred apparatus is of the type described further below.

The elevated temperature used in step b) is generally a
temperature which is above the glass transition temperature
(Tg) of the material which is susceptible to deformation. It
may be a temperature that is from 1 to 50° C. above the glass
transition temperature (Tg) of the material, e.g. from 5 to 45°
C. or from 10 to 40° C. above the glass transition temperature
(Tg) of the material. For example, the elevated temperature
may suitably be 71° C. or higher, such as 75° C. or higher, e.g.
80° C. or higher, such as from 80 to 110° C., for PET.

Step ¢) may involve expanding the tube under pressure to
form the body of the container in any conventional manner.

In one embodiment, step ¢) may comprise applying difter-
ential pressure between the interior of the preform and the
exterior of the preform, to expand the tube portion to form the
body of the container.

In one embodiment, step ¢) may involve the injection of air
or other gas under pressure into the tube, to expand it into the
shape of the container body as defined by the interior surfaces
of the mould parts in the pressure moulding apparatus.

The air or other injected gas may be at any suitable pressure
above atmospheric pressure. For example, the pressure may
be 200 kPa or higher, e.g. 300 kPa or higher, such as 500 kPa
or higher, e.g. from 300 to 5000 kPa or from 500 to 4000 kPa
or from 600 to 3000 kPa. In one embodiment, the pressure is
from 700 to 1000 kPa.
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In one embodiment, a pressure is applied to expand the
tube which may be from 300 to 950 kPa, e.g. from 400 to 900
kPa or from 500 to 700 kPa.

It may be that this pressure is followed by application of a
second, higher, pressure. This may be known in the art as
using a pre-blow pressure and a final pressure. For example,
the pre-blow pressure may be applied first and then when the
preform tube walls touch the inside of the mould wall, the
second, higher, pressure may be applied, e.g. of from 3000 to
5000 kPa. This ‘final blow’ and is often used to ensure good
forming of detailed parts of the moulded product, such as ribs.

Optionally, step ¢) may comprise longitudinally stretching
the tube portion of the preform. It may be that this is in
addition to the injection of air or other gas under pressure into
the tube. The longitudinal stretching may be before, during or
after the injection of gas.

The expansion of plastic preforms under pressure is known
(e.g. from WO97/19801 and WO97/19806) and can be car-
ried out at any suitable temperature and pressure.

As discussed above in relation to step b), the temperature is
suitably above the glass transition temperature (Tg) of the
material, e.g. it may be a temperature that is from 1 to 50° C.
above the glass transition temperature (Tg) of the material,
e.g. from 5 to 45° C. or from 10 to 40° C. above the glass
transition temperature (Tg) of the material.

As discussed above, there is no controlled movement of the
first detent until after step c). In one embodiment the first
detent is not moved until after step ¢). In another embodiment
the first detent is moved due to downward force caused by the
expansion of the attached tube before the first detent is moved
in a controlled manner in step d).

In one embodiment, the first detent is shielded from the
pressure applied in step ¢). This may be due to it being located
in the pressure moulding apparatus in a location that is not
exposed to the pressure applied in step ¢). In one embodiment,
the first detent is located in the pressure moulding apparatus
in alocation that is separated from the inside of the tube which
is to be exposed to the pressure to cause expansion of the tube.

In one such embodiment, the first detent is located in a
section within the pressure moulding apparatus, wherein this
section is separated from the inside of the tube which is to be
exposed to pressure, to cause expansion of the tube, by a
shielding wall. The shielding wall seals the section away from
the inside of the tube which is to be exposed to pressure, and
therefore prevents the first detent from being exposed to this
pressure.

For example, in one embodiment the first detent is located
in the pressure moulding apparatus in a corridor whereby a
wall of the corridor contacts the preform at a point between
where the tube extends from the radially inner end of the
flange and the first detent, such that the wall forms a barrier
between the first detent and the parts of the preform exposed
to pressure in step c).

It may be beneficial for the first detent to be allowed to
move downwardly, due to the downward force caused by the
expansion of the tube, before step d) is carried out. It has been
determined that the first detent is more susceptible to the
controlled movement if it has already begun to move during
step ¢). In particular, as noted above, this can result in the
detent also moving to an angle of about 5 to 10° to the
elongate axis of the second detent and this again makes the
first detent more amenable to being forced downwardly by a
controlled directional force in step d). It may in particular
provide a greater surface area for contact between the surface
of'a mechanical device, such as a piston, and the first detent.
This therefore provides good and repeatable results for the
method of the invention.
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Preferably, the inward projection of the detent after step d)
is such that its elongate axis is at an angle of from 65° to 115°
to the elongate axis of the second detent, such as from 70° to
110°, more preferably from 75° to 105°, for example from 80
to 100°, most preferably from 85 to 95°, such as from 87 to
93°, e.g. about 90°.

In one embodiment, the inward projection of the detent
after step d) is such that it does not extend substantially
beyond perpendicular to the elongate axis of the second
detent. For example, its elongate axis may be at an angle of
from 65° to 95° to the elongate axis of the second detent, such
as from 70° to 90°, more preferably from 80 to 90°, most
preferably from 85 to 90°.

In the event that there is a third detent in the preform,
preferably in step d) the first detent is moved whilst support-
ing the second and third detents in a fixed position, so as to
cause the first detent to move downwardly and outwardly with
respect to the second and third detents.

Preferably, in step d) the movement of the first detent may
be achieved by applying downward pressure of 600 kPa or
higher, e.g. from 600 to 2000 kPa, to the first detent, whilst
supporting the second detent in a fixed position, so as to cause
the first detent to move downwardly and outwardly with
respect to the second detent. For example, a pressure of 650
kPa or higher, preferably 700 kPa or higher, such as 750 kPa
or higher, e.g. 800 kPa or higher, more preferably 900 kPa or
higher, preferably 1000 kPa orhigher, e.g. 1100 kPa orhigher,
or even 1200 kPa or higher may be used. In one embodiment,
the pressure used is from 650 to 2000 kPa or higher, such as
from 700 to 1800 kPa or higher or from 750 to 1500 kPa or
higher. It may, for example, be from 800 kPa to 1800 kPa or
higher or from 900 kPa to 1500 kPa or higher. In one embodi-
ment it is from 1000 kPa to 1800 kPa or higher, preferably
from 1000 kPa to 1700 kPa or higher, for example from 1100
kPa to 1600 kPa or higher, or from 1100 kPa to 1500 kPa or
higher. For example, a pressure of around 1500 kPa may be
used in some embodiments.

In one embodiment, the pressure to position the internal
rim is applied for 0.05 s or more, such as from 0.05 s to 1
second or more, for example from 0.05 to 0.8 s or more, such
as from 0.05 to 0.7 s or more, e.g. from 0.1 to 0.6 s or more,
for example from 0.1 to 0.5 s or more, such as about 0.3 s to
0.5 s or more.

In one embodiment, the internal rim is formed and in the
required position after the pressure has been applied for 0.05
s or more, e.g. from 0.05 s to 2 s or from 0.05 s to 1.5 s, such
as from 0.05 s to 1 second, for example from 0.05 to 0.8 s,
such as from 0.05 t0 0.7 s, e.g. from 0.1 to 0.6 s, for example
from 0.1 to 0.5 s, such as about 0.3 s.

However, the device that applies pressure may remain
active beyond the period of time required to form the internal
rim in the required position. For example, if the pressure is
applied using a mechanical device, such as a piston, that may
remain in place after the internal rim has been formed and is
in the required position. In particular, it may remain in place
for 0.05 s or more after the rim is in position, e.g. for 0.5 s or
more after the rim is in position, such as fromis to 5 s after the
rim is in position.

In one embodiment, the device may remain in place until
all required actions relating to the formation of the container
have been completed, for example it may remain in place
whilst an indentation is formed in the base of the container.

Step d) may apply pressure in any suitable manner; for
example hydraulically, pneumatically or elastically.

In one embodiment, a device may be used that applies
pressure using a mechanical spring (e.g. a helical spring,
which may, for example, be cylindrical, conical, barrel
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shaped or hourglass shaped and may have constant or variable
pitch), or compressed gas (e.g. compressed air or compressed
nitrogen) or compressed liquid (e.g. compressed oil or com-
pressed aqueous fluid, such as water).

For example, a mechanical device that applies pressure
using a mechanical spring, hydraulics or pneumatics may be
considered. A nitrogen spring may be used in one embodi-
ment.

In one embodiment, step d) uses a mechanical device, such
as a piston, to place downward pressure on the first detent.
The piston movement is controlled to ensure that after step d)
the first detent projects inwardly into the container, with its
elongate axis at an angle of from 60° to 120° to the elongate
axis of the second detent, such that the first detent forms an
internal rim. The piston may be, for example, pneumatic or
hydraulic. In this regard, the piston may be physically pre-
vented from moving beyond a set distance that corresponds to
movement of the first detent to a location where it projects
inwardly into the container, with its elongate axis at an angle
01'120° to the elongate axis of the second detent. For example,
a stop or block may be provided in the pressure moulding
apparatus that prevents the piston from moving beyond a set
distance. A casing, such as a steel casing, may act as a stop to
prevent the piston from moving beyond a set distance. A
cushion may be used to aid smooth operation.

Equally, the movement of the piston may be computer
controlled, with the computer controlling the movement of
the piston so that it does not move beyond a set distance that
corresponds to movement of the first detent to a location
where it projects inwardly into the container, with its elongate
axis at an angle of 120° to the elongate axis of the second
detent.

In one embodiment, the rim includes a downward flange
depending from the lower face of the radial flange. The down-
ward flange may extend from the flange at any location that is
outward of the first detent. For example, it may be substan-
tially half way between the first detent and the second detent,
or it may be closer to the second detent than the first detent.

In one such embodiment, in step d) the lower surface of the
radial flange moves into homogeneous contact with the
downward flange.

In one embodiment, the method further comprises the step
of:

e) filling the container with a product.

In one embodiment, after step d) or optional step e), the
method further comprises the step of:

1) fitting a lid to the container, in which the lid includes (i)
a trough, suitable for receipt of and engagement with the
second detent, and (ii) an engaging portion for receipt under
and engagement with the inner rim formed by the first detent,
to secure the lid on the container.

The engaging portion of the lid may, in one embodiment,
be discontinuous around the lid. In one such embodiment, the
first detent is also discontinuous.

Accordingly, the engagement of the engaging portion with
the inner rim formed by the first detent may provide a push
and twist, bayonet style, fastening of the 1id to the container.
The step ) may therefore involve pushing and twisting the lid
onto the container.

In an alternative embodiment, the first detent, and hence
the inner rim, is continuous. In such an embodiment, the
engagement of the engaging portion with the inner rim
formed by the first detent may provide a push fit fastening of
the 1lid to the container. The step f) may therefore involve
push-fitting the lid onto the container.

In optional step e), the product placed into the container
may be any product that can be stored in a push fit or bayonet



US 9,156,217 B2

13

fit container. It may be a solid product, including powders, or
aliquid product, including emulsions. For example, it may be
paint, varnish, or ink, medication (in liquid form or in solid
form, e.g. tablets), food supplements (such as vitamin supple-
ments or herbal remedies), industrial chemicals, food or drink
(e.g. tea bags, instant or ground coffee, milk, including pow-
dered or dry milk, biscuits, cereal, pasta, rice), fuel (e.g.
petrol, diesel); detergent products, e.g. for laundry or dish-
washing, in powder or tablet or liquid form (such as dish-
washer tablets, dishwasher salt, laundry powder or tablets); or
pet food (e.g. dog biscuits).

In a second aspect, the invention provides a container
obtainable by the method of the first aspect. The container is,
therefore, made of a material which is susceptible to defor-
mation when heated, and the container comprises a body
portion and a rim portion, the body portion having a base wall
and a side wall extending upwardly therefrom, the rim portion
extending from the side wall and providing an opening con-
stituting the mouth of the container, the rim portion including
an inwardly facing detent facing into the opening and a first
upwardly facing detent facing upwards from the opening,
located at or near the radially outer edge of the rim, wherein
the inwardly facing detent projects inwardly into the con-
tainer with its elongate axis at an angle of from 60° to 120° to
the elongate axis of the first upwardly facing detent, such that
the first detent forms an internal rim.

The container as made by the method of the first aspect
differs from a product as made in accordance with the prior art
methods, such as W02003/095170 and WO97/19806.

In particular, as noted above, in those methods, where a
detent is moved to form the inwardly facing detent solely by
the blowing out of the preform body it is not possible for the
detent to move to a position more than about 5 to 10° to the
elongate axis of the firstupwardly facing detent. Although the
illustrations in those patent documents suggest movement by
a larger degree, in practice it has been determined that this is
simply not possible using the blowing out force described in
those documents, which is not concentrated on the detentin a
single direction. Certainly the methods described in those
patent documents would not permit the detent to be moved
such that it projects inwardly into the container with its elon-
gate axis at an angle of from 60° to 120° to the elongate axis
of the first upwardly facing detent.

Further, in those methods, where a detent is moved to form
the inwardly facing detent by the blowing out of the preform
body, the distance between the mouth of the container and the
inwardly facing detent is substantially the same as the dis-
tance in the preform between the detent located at or near the
radially inner end of the flange, which will form the inwardly
facing detent, and its adjacent detent on the flange. This is
because the blowing out force is not concentrated in a single
direction and hence does not cause any significant stretching
of'the flange portion between the detents when the first detent
is moved downwardly and outwardly. Therefore there is no
significant lengthening of this distance.

In contrast, in the present invention, there is a controlled
movement of the detent which forms the inwardly facing
detent. This therefore involves a focussed force in a down-
ward direction, which consequently causes a stretching of the
flange portion between the detents as the first detent is moved
downwardly and outwardly. Therefore there is significant
lengthening of this distance.

For example, in a prior art container as made by the meth-
ods that involve moving the detent downwardly and out-
wardly by a blowing out force, as in W02003/095170 and
W097/19806, the distance between the mouth of the con-
tainer and the inwardly facing detent may be no more than
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25% different to the distance in the preform between the two
detents, such as no more than 20% different, no more than
15% different, no more than 10% different, or no more than
5% different, to the distance in the preform between the two
detents.

In a container of the prior art, the distance between the
mouth of the container and the inwardly facing detent may
therefore be around 1 mm to 2.5 mm.

In contrast, in the containers of the present invention, the
distance between the mouth of the container and the inwardly
facing detent may be 150% or more of the distance in the
preform between the two detents, such as 200% or more,
250% or more, 300% or more, or 350% or more, of the
distance in the preform between the two detents.

In a container of the invention, the distance between the
mouth of the container and the inwardly facing detent may
therefore be around 3 mm or more, such as from 3.5 mm to 15
mm, e.g. from 4 mm to 10 mm, such as from 5 mm to 8 mm.

In addition, due to the stretching that occurs in the present
invention, the flange portion between the detents becomes
thinner when the first detent is moved downwardly and out-
wardly relative to the second detent, so that the first detent
projects inwardly into the opening for the container. There-
fore the section of the wall between the mouth of the container
and the inwardly facing detent is thinner in the present con-
tainers than in the prior art containers with an inwardly facing
detent.

Further, due to the nature of the stretching, in the present
containers the section of the wall between the mouth of the
container and the inwardly facing detent does not have a
constant thickness. In contrast, because the flange portion
between the detents is not stretched in the prior art methods,
this section is of constant thickness.

Preferably, the inward projection of the inwardly facing
detent is such that its elongate axis is at an angle of from 65°
to 115° to the elongate axis of the first upwardly facing detent,
such as from 70° to 110°, more preferably from 75° to 105°,
for example from 80 to 100°, most preferably from 85 to 95°,
such as from 87 to 93°, e.g. about 90°.

In one embodiment, the inward projection of the detent is
such that it does not extend substantially beyond perpendicu-
lar to the elongate axis of the first upwardly facing detent. For
example, its elongate axis may be at an angle of from 65° to
95° to the elongate axis of the first upwardly facing detent,
such as from 70° to 90°, more preferably from 80 to 90°, most
preferably from 85 to 90°.

In one embodiment, the inwardly facing detent extends
inwardly for a length of from 0.5 mm or more, preferably 1
mm or more, e.g. from 1 mm to 10 mm; more preferably 1.5
mm or more, such as from 1.5 mm to 10 mm; for example 2
mm or more, e.g. from 2 mm to 5 mm.

In one embodiment, the rim has more than one upwardly
facing detent facing upwards from the opening, for example it
may have two or more such detents, e.g. two, three or four
such detents.

In a preferred embodiment, the container has a second
upwardly facing detent facing upwards from the opening. For
example, this may be located at or near the radially inner edge
of the rim.

Preferably, the first and second upwardly facing detents
between them define a trough, suitable for receipt of a corre-
spondingly shaped sealing projection on the container lid,
there being a sealing portion in the trough for sealing engage-
ment with the sealing projection of the lid.

In one preferred embodiment, the first upwardly facing
detent is provided with an outwardly facing protrusion, suit-
able for engaging with an engaging portion on the container
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lid. The detent may, for example, have its outer face sloped so
as to create a protrusion, e.g. due to the outer face sloping
outwardly from top to bottom. The detent may equally have a
separate protrusion extending from the outer face.

In one embodiment, the rim includes a downwardly facing
flange facing downwards from the opening. The downwardly
facing flange may extend downwardly at or near the inner
edge of the rim, or it may be closer to the outer edge than the
inner edge.

In one embodiment, the inwardly facing detent extends
continuously around the mouth of the container.

In another embodiment, the inwardly facing detent is dis-
continuous, for example it may be made up of two or more
sections, such as three, four, five, six, seven, eight, nine, ten or
more sections. The sections may be spaced apart regularly or
irregularly.

For example, the inwardly facing detent may be discon-
tinuous and made up of four or eight regularly spaced detent
sections.

In one embodiment, the spaces between the inwardly fac-
ing detent sections are equal to or smaller than the detent
sections themselves. In another embodiment, the spaces
between the detent sections are larger than the detent sections
themselves. Preferably, the detent sections make up 30% or
more of the circumference ofthe inwardly facing detent, such
as 40% or more, e.g. 50% or more, such as 60% or more. In
one embodiment, the detent sections make up from 30% to
95% of the total circumference of the inwardly facing detent,
such as from 40% to 90%, e.g. from 50% to 90%, such as 60%
to 85%.

In one embodiment, the first upwardly facing detent
extends continuously around the mouth of the preform.

The container is made of a material which is susceptible to
deformation when heated. This could be glass. However, the
invention is particularly suitable for containers made out of
certain plastics materials, particularly thermoplastics. Mate-
rials such as polyethylene terephthalate (PET), polyethylene
naphathalate (PEN), and co-polymers and blends of these two
materials, in both crystalline and amorphous form, could be
viable.

Preferably the rim is narrower than the body of the con-
tainer. Preferably, in the container the width of the rim is 90%
or less of the width of the body, such as 85% or less, e.g. 80%
or less. This is advantageous in that it allows a handle to be
incorporated into the rim area without affecting the overall
width of the container. Therefore the containers can be
stacked together more easily, without space being wasted
between containers that are placed side to side. It may be that
in the container the width of the rim is from 10 to 90% of the
width of the body, such as from 25 to 85%, e.g. from 40 to
80%.

The invention provides, in a third aspect, a lid for use with
the container of the second aspect, the 1id having (i) a periph-
eral trough suitable for receipt of and engagement with the
first upwardly facing detent, (ii) an engaging portion located
radially inwardly from the peripheral trough for receipt under
and engagement with the inwardly facing detent, to secure the
lid on the container.

The engaging portion of the lid may, in one embodiment,
be discontinuous around the lid. Accordingly, the engage-
ment of the engaging portion with the inwardly facing detent
may provide a push and twist, bayonet style, fastening of the
lid to the container.

There may, for example, be three or more sections, such as
four, five, six, seven, eight, nine, ten or more sections. The
sections may be spaced apart regularly or irregularly. For
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example, the engaging portion of the 1id may be discontinu-
ous and made up of four or eight regularly spaced sections.

In one embodiment, the spaces between the sections are
equal to or smaller than the sections themselves. In another
embodiment, the spaces between the sections are larger than
the sections themselves. Preferably, the spaces make up 20%
or more of the circumference of the engaging portion of the
lid, such as 30% or more, e.g. 40% or more, such as 50% or
more. In one embodiment, the spaces make up from 20% to
80% of the total circumference of the engaging portion of the
lid, such as from 30% to 70%, e.g. from 40% to 60%.

One or more of the engaging portions may be provided
with a protrusion which can act to prevent rotation of the lid
relative to the container.

Alternatively, the engaging portion of the lid may, in one
embodiment, be continuous around the lid. Accordingly, the
engagement of the engaging portion with the inwardly facing
detent may provide a push fit style fastening of the lid to the
container.

The peripheral trough may, in one embodiment, be defined
between inner and outer cylindrical flanges, wherein the inner
cylindrical flange is fixed and the outer cylindrical flange is
hinged so that it can move from an open position where it does
not engage with the first upwardly facing detent to a closed
position where it does engage with the first upwardly facing
detent. In particular, this may be a “click-lock” type hinge. In
such an embodiment the lid is made from a material that is
sufficiently flexible to permit the formation of such a hinge,
such as polypropylene or polyethylene.

The outer cylindrical flange may be continuous or discon-
tinuous.

The outer cylindrical flange may, for example, have three
or more sections, such as four, five, six, seven, eight, nine, ten
or more sections. The sections may be spaced apart regularly
or irregularly.

For example, the outer cylindrical flange may be discon-
tinuous and made up of four, six or eight regularly spaced
sections.

The spaces between the sections may be equal to or smaller
than the sections themselves. Alternatively, the spaces
between the sections are larger than the sections themselves.
Preferably, the sections make up 30% or more of the circum-
ference of the outer cylindrical flange, such as 40% or more,
e.g. 50% or more, such as 60% or more. In one embodiment,
the sections make up from 30% to 95% of the total circum-
ference of the outer cylindrical flange, such as from 40% to
90%, e.g. from 50% to 90%, such as 60% to 85%.

In an alternative embodiment, the peripheral trough is
defined between fixed inner and outer cylindrical flanges.

In this alternative embodiment the corresponding con-
tainer may optionally be provided with external lugs to
enhance the strength and security of the closure. These lugs
are provided on the injection moulded preform from which
the container is formed and are unaffected by the pressure
blow moulding of the container. The lugs are located below
the second detent and project outwardly from the container.
For example, in a preferred embodiment the container is
provided with a downward flange depending from the lower
face of the radial flange and the lugs are located on the outside
surface of this flange.

The container may, for example, have two or more sec-
tions, such as three, four, five, six, seven, eight, nine, ten or
more lugs. The lugs may be spaced apart regularly or irregu-
larly.

For example, the container may have four, six or eight
regularly spaced lugs around its outer periphery.
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In this alternative embodiment, the fixed outer cylindrical
flange may be shaped to engage with any such external lugs,
so that the lugs act to further hold the 1id in place on the
container.

The outer cylindrical flange is preferably discontinuous.
The outer cylindrical flange may, for example, have three or
more sections, such as four, five, six, seven, eight, nine, ten or
more sections. The sections may be spaced apart regularly or
irregularly.

For example, the outer cylindrical flange may be discon-
tinuous and made up of four, six or eight regularly spaced
sections.

The spaces between the sections may be equal to or smaller
than the sections themselves. Alternatively, the spaces
between the sections are larger than the sections themselves.
Preferably, the sections make up 30% or more of the circum-
ference of the outer cylindrical flange, such as 40% or more,
e.g. 50% or more, such as 60% or more.

In such an embodiment, the lid may be made of plastics
materials, such as thermoplastics, including polyethylene,
polypropylene, polyethylene terephthalate (PET), polyethyl-
ene naphathalate (PEN), and co-polymers and blends thereof,
in both crystalline and amorphous form. Reference to poly-
ethylene terephthalate (PET) includes recycled PET. It may
also be made of metal, including alloys, wood, or glass.

In a fourth aspect of the invention, there is provided a
closed container, comprising a container in accordance with
the second aspect and a lid in accordance with the third aspect,
wherein the lid seals the container.

In one embodiment, the closed container may contain
product. The product may be any product that can be stored in
a push fit or bayonet fit container. It may be a solid or liquid
product, including emulsions. For example, it may be paint,
varnish, or ink, medication (in liquid form or in solid form,
e.g. tablets), food supplements (such as vitamin supple-
ments), industrial chemicals, or fuel (e.g. petrol, diesel).

In a fifth aspect, the invention provides apparatus for mak-
ing a container having a body and a rim portion defining an
opening for the container, the opening being capable of being
closed by a push-on lid, the apparatus comprising:

pressure moulding apparatus having mould parts defining a
mould cavity and comprising: a securing component that
permits the location of the preform in the mould cavity with
the second detent in a fixed location therein; a generator of a
pressure differential between the interior of the tube and the
exterior to expand the tube into contact with the mould parts
defining the mould cavity; and a source of controlled down-
ward pressure, e.g. of 600 kPa or higher, that can act to move
the flange and the first detent downwardly and outwardly
relative to the second detent such that the upper surface of the
flange faces inwardly and the first detent projects inwardly
into the opening for the container, with its elongate axis at an
angle of from 60° to 120° to the elongate axis of the second
detent, such that the first detent forms an internal rim.

In one embodiment, the apparatus is suitable for making a
container in accordance with the second aspect.

In one embodiment, the apparatus is suitable for carrying
out a method in accordance with the first aspect.

Preferably, the source of controlled downward pressure
can apply a pressure of 650 kPa or higher, preferably 700 kPa
or higher, such as 750 kPa or higher, e.g. 800 kPa or higher,
more preferably 900 kPa or higher, such as 1000 kPa or
higher, e.g. 1100 kPa or higher, or 1200 kPa or higher.

In one embodiment, the source of controlled downward
pressure can apply a pressure of 600 kPa or higher (such as
700 kPa or higher, 800 kPa or higher, 900 kPa or higher, 1000
kPa or higher, 1100 kPa or higher, or 1200 kPa or higher) for
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from 0.05 s or more, preferably from 0.1 to 1 second or more,
for example from 0.2 to 0.8 s or more, such as from 0.3 t0 0.7
s or more, e.g. from 0.4 to 0.6 s or more, such as from about
0.3 s to about 0.5 s or more.

In one embodiment, the source of controlled downward
pressure can apply a pressure beyond the period of time
required to form the internal rim in the required position. For
example, the source of controlled downward pressure may be
one that can apply a pressure for 0.05 s or more after the rim
is in position, e.g. for 0.5 s or more after the rim is in position,
such as from is to 5 s after the rim is in position.

The source of controlled downward pressure may apply
pressure in any suitable manner; for example hydraulically,
pneumatically or elastically.

In one embodiment, it may apply pressure using a
mechanical spring (e.g. a helical spring, which may, for
example, be cylindrical, conical, barrel shaped or hourglass
shaped and may have constant or variable pitch), or com-
pressed gas (e.g. compressed air or compressed nitrogen) or
compressed liquid (e.g. compressed oil or compressed aque-
ous fluid, such as water).

For example, the source of controlled downward pressure
may be a mechanical device that applies pressure using a
mechanical spring, hydraulics or pneumatics may be consid-
ered. A nitrogen spring may be used in one embodiment.

Preferably, the source of controlled downward pressure
comprises a mechanical device, such as a piston, to place
downward pressure on the first detent. The piston movement
may be controlled to ensure that the first detent projects
inwardly into the container, with its elongate axis at an angle
of from 60° to 120° to the elongate axis of the second detent,
such that the first detent forms an internal rim. The piston may
be, for example, pneumatic or hydraulic.

The piston may be physically prevented from moving
beyond a set distance that corresponds to movement of the
first detent to a location where it projects inwardly into the
container, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent. In this regard,
the apparatus suitably includes a component for physically
preventing the piston from moving beyond a set distance that
corresponds to movement of the first detent to a location
where it projects inwardly into the container, with its elongate
axis at an angle of from 60° to 120° to the elongate axis of the
second detent. For example, a stop or block may be provided
in the pressure moulding apparatus that prevents the piston
from moving beyond a set distance. A casing, such as a steel
casing, may act as a stop to prevent the piston from moving
beyond a set distance. A cushion may be used to aid smooth
operation.

Equally, a computer may be included and the movement of
the piston may be computer controlled, with the computer
controlling the movement of the piston so that it does not
move beyond a set distance that corresponds to movement of
the first detent to a location where it projects inwardly into the
container, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent.

The generator of a pressure differential between the inte-
rior of the tube and the exterior to expand the tube into contact
with the mould parts defining the mould cavity may suitably
comprise a source of pressurised gas, such as pressurised air.

Suitably, this may comprise a blow core that has a central
throughway through which a flow of air or other gas under
pressure can be blown into the interior of the tubular portion
of the preform. An air inlet guide bush may be provided
within the blow core. The blow core may, in use, extend into
the tubular section below the periphery of the rim portion of
the preform.
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The apparatus may further comprise a stretching compo-
nent that can be used to longitudinally stretch the tube portion
of'the preform. This may, for example, be a stretch rod or pin.
This component may be provided as part of the generator of a
pressure differential. For example, a blow core may be pro-
vided that has a blow pin passing through its longitudinal
cavity, which in use can be extended to reach the bottom of the
mould cavity.

The securing component that permits the location of the
preform in the mould cavity with the second detent in a fixed
location therein may suitably comprise a shaped cavity or seat
for receipt of the second detent. The shape of the shaped
cavity or seat can be such that the second detent is securely
received and has limited movement in a horizontal direction.

There may optionally be a securing component that per-
mits the location of the preform in the mould cavity with the
third detent (when present) in a fixed location therein. This
component may suitably comprise a shaped cavity or seat for
receipt of the third detent. The shape of the shaped cavity or
seat can be such that the third detent is securely received and
has limited movement in a horizontal direction.

It may be that the apparatus of the fifth aspect includes a
shield for shielding the first detent from the pressure that is
applied to expand the tube. Therefore in one embodiment, the
invention provides apparatus for making a container having a
body and a rim portion defining an opening for the container,
the opening being capable of being closed by a push-on lid,
the apparatus comprising:

pressure moulding apparatus having mould parts defining a
mould cavity and comprising: (i) a securing component that
permits the location of the preform in the mould cavity with
the second detent in a fixed location therein, (ii) a generator of
apressure differential between the interior of the tube and the
exterior to expand the tube into contact with the mould parts
defining the mould cavity; (iii) a shield for shielding the first
detent from the pressure that is applied to expand the tube;
and (iv) a source of controlled downward pressure, e.g. of 600
kPa or higher, that can act to move the flange and the first
detent downwardly and outwardly relative to the second
detent such that the upper surface of the flange faces inwardly
and the first detent projects inwardly into the opening for the
container, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent, such that the
first detent forms an internal rim.

Preferably, the shield is provided by the inclusion of a
section within which the first detent can be located, which
section can act to shield the first detent from the pressure that
is applied to expand the tube.

In one such embodiment, the pressure moulding apparatus
includes a section within which the first detent can be located,
this section being separated from the inside of the tube which
is to be exposed to pressure to cause expansion of the tube by
a shielding wall. The shielding wall seals the section away
from the inside of the tube which is to be exposed to pressure,
and therefore prevents the first detent from being exposed to
this pressure. For example, the pressure moulding apparatus
may include a corridor, within which the first detent can be
located, whereby when the preform is in the apparatus a wall
of'the corridor contacts the preform at a point between where
the tube extends from the radially inner end of the flange and
the first detent, such that the wall forms a barrier between the
first detent and the parts of the preform exposed to the pres-
sure that is applied to expand the tube.

The apparatus of the fifth aspect may, in one embodiment,
further comprise:

injection moulding apparatus shaped and arranged to pro-
duce a preform in the shape of a closed-end tube with a rim at
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its mouth, the rim comprising: (a) an outward generally-radial
flange having an upper surface and a lower surface, the flange
extending from a radially inner end to a radially outer end, the
tube depending from the radially inner end of the flange; (b)
a first detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface of the
flange, which detent is located at or near the radially inner end
of'the flange; and (c) a second detent simultaneously formed
with the flange as an upstanding elongate projection from the
upper surface of the flange, which detent is located at or near
the radially outer end of the flange.

A preferred, non-limiting, embodiment of the invention is
described in detail below with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

By way of example, the invention is described with refer-
ence to the accompanying drawings, in which:

FIG. 1 is a sectional view showing the injection moulding
of'a preform used in manufacturing a plastics container in an
embodiment of the invention;

FIG. 2 shows the preform when transferred to a pressure or
blow moulding machine;

FIG. 3 shows the preform as in FIG. 2 with the blow core
now in place;

FIG. 4 shows the preform with the stretching rod partially
descended and with the blow core bearing against the inside
of'the rim of the preform;

FIG. 5 shows the container in the blow moulding apparatus
when the container has been blown under pressure;

FIG. 6 is a detail showing the shape of the rim of the
finished container more clearly;

FIG. 7 is a side view of the container;

FIG. 8 is a view from below of a lid for the container;

FIG. 9 is a cross sectional view showing the shape of the
periphery of the lid more clearly;

FIG. 10 is a side view of two of the containers stacked side
by side;

FIG. 11 is a side view of an alternative embodiment of the
container;

FIG. 12 isa cross sectional view of the lid for the alternative
embodiment of the container;

FIG. 13 is a cross sectional detail showing the shape of the
periphery of the lid of FIG. 12 more clearly;

FIG. 14 is a detail showing the shape of the rim at a stage
during the step of the container being blown under pressure;

FIG. 15 is a detail showing the shape of the rim after the
container has been blown under pressure; and

FIG. 16 is a detail showing the shape of the rim at a stage
during the step of the detent being moved in a controlled
manner into the internal rim position.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The method of making a preferred embodiment of the
invention and a preferred apparatus for making it, together
with the resultant container and a lid for the container will
now be described in detail by way of example.

The container is made by an essentially two-stage process.
Stage one involves injection moulding, in an injection moul-
ding machine, a preform. This stage may be carried out sepa-
rately and therefore is not an essential stage of the claimed
method. The preform may therefore simply be provided and
then subjected to stage two.

It will therefore be appreciated that the process may be
carried out in two separate stages, which may be carried out at
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different times and/or different locations. However, it is also
contemplated that the two stages could be carried out one
directly after the other, and possibly in the same location.

In stage two the preform is transferred to a pressure moul-
ding machine where it is pressure moulded at an elevated
temperature to form the final shape of the container. When
placed into the pressure moulding apparatus the preform is
deformed to form the rim of the container, and the body of the
container is formed by blowing.

In a further stage (which again can be carried out separately
and therefore is not an essential part of the claimed method)
the container is associated with a corresponding push-on lid
which can be push-fitted to the rim of the container. The
container may be filled with product before push-fitting the
lid onto the container.

Stage one is illustrated in FIG. 1. This figure shows a
section through an injection moulding machine in which the
preform has just been formed by injection moulding. The
preform is shown at 1. The mould consists of a base plate 3, a
cavity insert 4, a cavity insert carrying block 5 surrounding
and supporting the cavity insert, neck splits supported by a
neck split carrying plate and an injection core. There is also an
injection nozzle 2. The preform is formed in the cavity
between the cavity insert and the injection core, with the outer
edge of the rim being defined by the neck splits.

The shape of the cavity is such that the preform is generally
in the shape of a closed-end tube which tapers slightly
towards its closed end, and has a rim at the open end of the
tube and defining the opening or mouth of the container. The
tubular part of the preform will eventually be expanded to
form the body of the container. At this stage the outer surface
and the inner surface of the preform both taper slightly
towards the closed end of the tube, being defined by the inner
mould surface of the cavity insert and the outer mould surface
of the injection core, respectively. The plastics material is
injected through the injection nozzle at the bottom end of the
tube.

The rim section of the preform which is to form the mouth
of the container and surrounds the opening to the tubular
section of the preform is described in more detail below. The
injection moulding apparatus is provided with appropriate
cooling channels around the cavity insert, and a cooling tube
extends into the interior of the injection core so as to cool the
mould core portion within the tubular part of the preform. In
other respects the injection moulding machine is conven-
tional.

When sufficiently solid the preform is then removed from
the injection moulding apparatus. This is achieved by retract-
ing the injection core, and slightly retracting the neck splits on
the neck split carrying plate.

The preform can then be removed from the mould, if nec-
essary with the application of some pressure from the bottom
through the injection orifice.

FIG. 2 shows the overall shape of the preform 1. The
closed-end tube 9 forms the greater part of the length of the
preform, and terminates at the rim portion. There is a trans-
verse or annular flange 8 extending outwardly from the top
end of the tube 9.

The annular or outwardly-extending flange has an upper
surface and a lower surface. The upper surface is in part over
the tubular wall portion, which thus depends from the inner
edge of the flange. The upper surface carries an upstanding
first detent 10 at or towards its radially inner edge. The detent
on its inner periphery is generally perpendicular to the upper
surface, and on its outer face is generally perpendicular to the
upper surface.
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The outer end of the flange has an upwardly extending
second detent 11. Towards the middle of the flange, approxi-
mately half way between the first detent and second detent,
there is a third upwardly extending detent 12.

The lower surface of the flange carries a first downwardly
extending flange 13 towards its outer end. There is also a
second downwardly extending flange 14 extending from the
lower surface of the flange, towards the middle of the flange,
approximately half way between the first detent and second
detent.

The preform is transferred to a pressure moulding (or blow
moulding) machine, a section through which is shown in
FIGS. 2 and 3. The preform may be heated to a temperature
above the glass transition temperature of the material of the
preform, e.g. 1010 40° C. above that glass transition tempera-
ture.

The operation that takes place in the pressure moulding
machine is to (1) expand the tube portion of the preform to fill
the inside of the mould and form the body of the container and
then (2) move the first detent in a controlled manner down-
wardly and outwardly, relative to the second detent.

What is key is that both step (1) of expanding the tube
portion of the container to fill the inside of the mould and form
the body of the container and step (2) of moving the first
detent downwardly and outwardly, relative to the second
detent are carried out, and that step (2) is carried out in a
controlled manner, without using the pressure of step (1).

The step (1) of expanding the tube portion of the container
to fill the inside of the mould and form the body of the
container may result in some movement of the first detent 10,
due to the stretching of the tube 9 causing a downward pull on
the flange 8 and first detent 10. However, it is essential that a
controlled movement of the first detent 10 occurs after the
tube portion of the preform has been expanded to form the
body of the container.

The mould parts of the machine define the final shape of the
container. The exterior part of the body of the container is
defined by three mould parts, namely two generally semi-
cylindrical side mould parts 6 separable at an axial plane, and
a base plate 7 forming the base of the container. The blow
mould also includes neck splits carried by a neck split carry-
ing plate.

The apparatus also includes a piston 15 which can exert a
controlled pressure of 600 kPa or higher, e.g. from 1000 to
1500 kPa, for from 0.1 s to 1 s or more, e.g. from about 0.5 s
to 5 s or more. The piston is provided with a stop so that it can
only move a controlled, predetermined, distance.

In particular, the piston 15 may be provided as part of the
same machinery that comprises the stretch rod or blow pin17,
which can be extended to reach the bottom of the mould
cavity, and is described below.

The pressure moulding machine includes a corridor 15a,
within which the piston 15 can move. The first detent can be
located within this corridor.

It may be that when the preform 1 is in the machine a wall
of'the corridor contacts the preform at a point between where
the tube 9 extends from the radially inner end of the flange 8
and the first detent 10, such that the wall forms a barrier
between the first detent and the parts of the preform exposed
to the pressure that is applied to expand the tube. This there-
fore ensures that during the expansion of the tube under
pressure, the first detent 10 is not exposed to the pressure.

When the preform 1 is first inserted in the moulding
machine, it is carried by the exterior portion of the rim, and in
particular the second detent 11 on the exterior of the rim,
engaging with correspondingly-shaped portions on the lower
internal surface of the neck splits. The second detent 12 also
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engages with a corresponding shaped portion of the neck
splits. The operation of the moulding machine in shaping the
container will now be described with reference to FIGS. 3 to
5.

The pressure used in this step may be a conventional pres-
sure for blow moulding a container, e.g. from 300 to 950 kPa.
The key is that differential pressure is achieved by injecting
pressurised air sufficient to expand the tube body 9.

During the step of expanding the tube, the first detent is not
exposed to any downward pressure from the blowing out of
the preform tube. The piston 15 and the associated corridor
154 in which it moves shield the first detent from the down-
wardly moving pressurised air.

However, the first detent 10 may still move downwardly
and outwardly during this step. This can be seen more clearly
in FIGS. 14 and 15, where it can be seen that the expansion of
the tube body 9 results in both the first detent 10 and the
portion of the flange 8 between the first detent 10 and third
detent 12 being drawn downwardly as well. In particular,
because the flange 8 and first detent 10 are joined to the tube
body via the upper section 9a of the tube body, and are not
held in position by the neck splits (unlike the second and third
detents) the downward movement of the tube body causes the
flange and first detent to also move downward to an extent. It
can be seen from FIG. 15 that the movement of the first detent
is to a position where it is at an angle of about 5 to 10 degrees
to the second detent.

The second step, which is carried out after the tube body of
the preform has been expanded to form the container body,
then involves the controlled movement of the first detent 10 to
aposition where its elongate axis is at an angle of from 60° to
120° to the elongate axis of the second detent, such that the
first detent forms an internal rim.

During the step of moving the first detent, in effect the first
detent moves pivotally around the second detent, due to bend-
ing of the flange portion particularly at its outer region. The
result of this movement is that the upper surface of the flange
now faces inwardly rather than upwardly, and forms the
inward part of the mouth of the container. The first detent now
projects inwardly into the container opening. In this position,
as described below, a lid can be push-fitted onto the rim
portion of the container, to engage the first, now inwardly
facing, detent.

In more detail therefore, FIG. 5 shows the preform 1 in the
moulding machine, with the blow core 16 of the moulding
apparatus now inserted in the mouth of the mould cavity. The
blow core is shaped to seal against the top of the mould when
fully inserted and has a central throughway through which
passes a stretch rod or blow pin 17 which can be extended to
reach the bottom of the mould cavity, as described below. The
longitudinal passage through which the blow pin passes is
wide enough also to provide for the flow of air under pressure
through the blow core past the blow pin and into the interior
of the tubular portion of the preform. An air inlet guide bush
is provided within the blow core. The blow core extends into
the tubular section below the periphery of the rim portion of
the preform.

The next stage is for the blow pin 17 to be extended. The
blow pin is now fully inserted into the mould cavity, causing
the production of a stretched tubular section 1a which is
stretched longitudinally down to the bottom end of the mould,
as shown in FIG. 4. This stretching operation is important in
providing strength to the finished container when made of
PET or PEN.

Next, airunder pressure is injected through the passageway
in the blow core and around the blow pin into the interior of
the container, as shown by arrows B in FIG. 5. The effect of
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this is to expand the tubular section 9 into the shape of the
container 18 as defined by the interior surfaces of the mould
parts, forming the desired final shape of the container.

The mould parts may carry desired shaping to provide a
more complex shaping for the container in a well known
manner.

The expansion of the tubular part will of course cause
thinning of the container wall.

The effect of the expansion of the tubular section may also
be that the first detent 10 and the portion of the flange 8
between the first detent 10 and third detent 12 are both drawn
downwardly as well. In particular, as shown in FIGS. 14 and
15, because the flange 8 and first detent 10 are joined to the
tube body via the upper section 9a of the tube body, and are
not held in position by the neck splits (unlike the second
detent 11 and third detent 12) the downward movement of the
tube body causes the flange and first detent to also move
downward to an extent. It can be seen from FIG. 15 that the
movement of the first detent is to a position where it is at an
angle of about 5 to 10 degrees to the second detent.

The final step is that the piston 15 moves downwardly due
to air pressure from air inlet C to exert a downward pressure
on the first detent 10, which is moved downwardly and out-
wardly, relative to the second detent 11, forcing the upper
surface of the flange 8 to face inwardly. The second detent 11
is retained in position by its engagement with the neck splits,
as is the third detent 12. The pressure applied by piston 15
may suitably be from 1100 to 1600 kPa.

FIG. 16 shows in more detail the position of the first detent
10 as it is moved downwardly by the piston 15 during this
step.

Due to the fact that the plastic is at an elevated temperature,
the underside of the flange melts into and becomes homoge-
neous with the downward flange 14, thereby providing
strength and solidity to the structure.

It is known in the art to cause an indent to be formed in the
base of a blown out container by after the preform has been
expanded to form a container. Therefore this step may be
carried out, by the shaped upper surface of the base plate 7
being moved against the outside of the base of the container
18 whilst the material of at least that part of the container is
still soft. This can be seen in FIG. 5. The “blowing out”
pressure B that was used to expand the tube to form the body
of the container is maintained whilst the base plate engages
with and shapes the base of the container, in order to ensure
that the remainder of the container retains its desired shape.
However it will be appreciated that this step does not cause
expansion of the tube and hence is not a concern in terms of
causing uncontrolled movement of the first detent 10 after it
has been moved into position by the piston 15.

The piston 15 may suitably remain in contact with the first
detent 10 until the production of the indentation in the base of
the container is complete.

The container 18 is now removed from the mould and is
shown in FIG. 7.

One version of a lid 19 for the container will now be
described with reference to FIGS. 8 and 9.

The lid 19 has a peripheral trough 21 suitable for receipt of
and engagement with the first upwardly facing detent. The lid
also has an engaging portion 22 located radially inwardly
from the peripheral trough for receipt under and engagement
with the inwardly facing first detent 10, to secure the lid on the
container.

The engaging portion 22 is discontinuous around the lid.
There are four regularly spaced sections making up the
engaging portion. Accordingly, the engagement of the engag-



US 9,156,217 B2

25

ing portion with the inwardly facing first detent 10 provides a
push and twist, bayonet style, fastening of the lid to the
container.

The peripheral trough 21 is defined between an inner cylin-
drical flange 21a and an outer cylindrical flange 215. The
inner cylindrical flange is fixed, whilst the outer cylindrical
flange is hinged, being a “click-lock” type hinge. Specifically,
it moves about hinge 21c¢ so that it can move from an open
position where it does not engage with the first upwardly
facing detent (as shown in FIG. 9) to a closed position where
it does engage with the first upwardly facing detent.

The outer cylindrical flange is discontinuous and is made
up of six regularly spaced sections.

The lid may be polyethylene or polypropylene.

FIG. 10 shows a side view of two completed containers
with their lids attached. The lid 19 is securely held on the
container 18. The containers also have handles 20. Due to the
narrow width of the rim of the container as compared to the
body, the handles can be provided without affecting the over-
all width of the container and therefore improved side by side
stacking can be achieved, as shown.

An alternative embodiment of the container is shown in
FIG. 11, and the 1id for the alternative container is shown in
FIGS. 12 and 13. This container 28 and lid 29 are the same as
those described above with reference to FIGS. 1 to 10, except
for the following details.

The container 28 is provided with external lugs 32. These
lugs are provided on the injection moulded preform from
which the container is formed and are unaffected by the
pressure blow moulding of the container. The lugs are pro-
vided on the outer surface of the first downwardly extending
flange 13.

The container has four regularly spaced lugs 32 around its
outer periphery.

The 1id 29 has a peripheral trough 31 and an engaging
portion 30 as above; however the peripheral trough 31 is
defined between a fixed inner cylindrical flange 31a and a
fixed outer cylindrical flange 315.

The fixed outer cylindrical flange 3156 is shaped to engage
with the external lugs 32, so that the lugs hold the 1id in place
on the container.

A preferred embodiment of the invention has been
described by way of example. However, many modifications
may be made to the method, apparatus, container and con-
tainer top described, and the foregoing description should be
regarded only as one example of the implementation of the
invention.

I claim:

1. A method of making a container having a body and a rim
defining an opening for the container, the opening being
capable of being closed by a push-on lid, the container being
made of a material which is susceptible to deformation when
heated, the method comprising the steps of:

a) providing a preform made of a material which is suscep-
tible to deformation when heated, the preform being in
the shape ofa closed-end tube with a rim at its mouth, the
rim comprising: an outward generally-radial flange hav-
ing an upper surface and a lower surface, the flange
extending from a radially inner end to a radially outer
end, the tube depending from the radially inner end of
the flange; a first detent simultaneously formed with the
flange as an upstanding elongate projection from the
upper surface of the flange, which detent is located at or
near the radially inner end of the flange; and a second
detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface
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of the flange, which detent is located at or near the
radially outer end of the flange;

b) placing the preform in a pressure moulding apparatus at
an elevated temperature with the preform being located
in the apparatus at least in part by the second detent;

¢) expanding the tube under pressure to form the body of
the container; and then

d) moving the first detent in a controlled manner down-
wardly and outwardly relative to the second detent so
that the first detent projects inwardly into the opening for
the container;

wherein the movement of the first detent downwardly and
outwardly relative to the second detent occurs after the
tube has been expanded, and is controlled such that after
step d) the first detent projects inwardly into the con-
tainer, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent, such that
the first detent forms an internal rim.

2. The method of claim 1, wherein in step c) the first detent
is allowed to move to the extent that this is caused by the tube
causing a downward pulling force on the first detent as it is
expanded to form the container body.

3. The method of claim 1 wherein the movement of the first
detent downwardly and outwardly relative to the second
detent is controlled to only occur after step ¢), and such that
after step d) the first detent projects inwardly into the con-
tainer, with its elongate axis at an angle of from 60° to 120° to
the elongate axis ofthe second detent, such that the first detent
forms an internal rim.

4. The method of claim 1 wherein the first detent is shielded
from the pressure applied in step ¢) due to it being located in
the pressure moulding apparatus in a location that is not
exposed to the pressure applied in step ¢), wherein the first
detent does not experience outwardly urging pressure from
the pressure moulding apparatus.

5. The method of claim 4, wherein the first detent is located
in a section within the pressure moulding apparatus, wherein
this section is separated from the inside of the tube which is to
be exposed to outwardly urging pressure, to cause expansion
of the tube, by a shielding wall.

6. The method of claim 1 wherein there is no further expan-
sion of the tube to form the body of the container after the
controlled movement of the detent in step d).

7. The method of claim 1 wherein after step d) there is a
step of forming an indentation in the base of the container.

8. The method of claim 1 wherein the inward projection of
the detent after step d) is such that its elongate axis is at an
angle of from 75° to 105° to the elongate axis of the second
detent.

9. The method of claim 1 wherein the inward projection of
the detent after step d) is such that it does not extend beyond
95° to the elongate axis of the second detent.

10. The method of claim 1 wherein in step d) the movement
of'the first detent is achieved by applying downward pressure
ot 600 kPa or higher to the first detent, whilst supporting the
second detent in a fixed position, so as to cause the first detent
to move downwardly and outwardly with respect to the sec-
ond detent.

11. The method of claim 10 wherein the pressure used is
from 1000 to 2000 kPa.

12. The method of claim 1 wherein in step d) the pressure
is applied for 0.05 seconds to 5 seconds or more.

13. The method of claim 1 wherein step d) uses a mechani-
cal device, to place controlled downward pressure on the first
detent.

14. The method of claim 1 wherein in step d) the pressure
is applied pneumatically, hydraulically, or elastically.
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15. The method of claim 1 wherein the preform provided in
step a) has been injection moulded.

16. The method of claim 15, wherein step a) comprises the
step of injection moulding the preform in an injection moul-
ding apparatus in order to provide the preform.

17. The method of claim 1 wherein the preform has a third
detent located between the first detent and the second detent,
wherein the third detent and second detent between them
define a trough, suitable for receipt of a correspondingly
shaped sealing projection on the container lid, there being a
sealing portion in the trough for sealing engagement with the
sealing projection of the lid.

18. The method of claim 1 wherein the preform is made
from a thermoplastic material.

19. The method of claim 18 wherein the material is selected
from polyethylene terephthalate, polyethylene naphathalate,
and co-polymers and blends of these two materials.

20. The method of claim 1 wherein step b) is carried out
using pressure moulding apparatus having mould parts defin-
ing a mould cavity and comprising: a securing component
that permits the location of the preform in the mould cavity
with the second detent in a fixed location therein; a generator
of a pressure differential between the interior of the tube and
the exterior to expand the tube into contact with the mould
parts defining the mould cavity; and a source of controlled
downward pressure, that can act to move the flange and the
first detent downwardly and outwardly relative to the second
detent such that the upper surface of the flange faces inwardly
and the first detent projects inwardly into the opening for the
container, with its elongate axis at an angle of from 60° to
120° to the elongate axis of the second detent, such that the
first detent forms an internal rim.

21. The method of claim 20, wherein the pressure mould-
ing apparatus further comprises a shield for shielding the first
detent from the pressure differential that is applied to expand
the tube, wherein the first detent does not experience an
outwardly urging pressure from the pressure moulding appa-
ratus.

22. The method of claim 1 wherein step ¢) comprises
applying differential pressure between the interior of the pre-
form and the exterior of the preform, to expand the tube
portion to form the body of the container.

23. The method of claim 1 wherein the method further
comprises the step of:

e) filling the container with a product.

24. The method of claim 1 wherein after step d) or optional
step e), the method further comprises the step of:

1) fitting a lid to the container, in which the lid includes (i)
atrough, suitable for receipt of and engagement with the
second detent, and (ii) an engaging portion for receipt
under and engagement with the inner rim formed by the
first detent, to secure the lid on the container.

25. The method of claim 1 wherein during step d) a piston

applies controlled downward pressure on the first detent.

26. The method of claim 1 wherein during step b) the
pressure moulding apparatus further comprises: a plurality of
mould parts defining a mould cavity; a securing component
defining the location of the preform in the mould cavity with
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the second detent in a fixed location therein; a pressure dif-
ferential generator disposed between the interior of the tube
and the exterior of the tube for expanding the tube into contact
with the mould parts defining the mould cavity; and a source
of controlled downward pressure of at least 600 kPa for mov-
ing the flange and the first detent downwardly and outwardly
relative to the second detent such that the upper surface of the
flange faces inwardly and the first detent projects inwardly
into the opening for the container, with its elongate axis at an
angle of from 60° to 120° to the elongate axis of the second
detent, such that the first detent forms an internal rim.

27. The method of claim 1, wherein the controlled move-
ment of the first detent in step d) begins when step ¢) of
expanding the tube under pressure to form the body of the
container has started but has not been entirely completed.

28. The method of claim 1, wherein the controlled move-
ment of the first detent in step d) does not begin at all until step
¢) of expanding the tube under pressure to form the body of
the container is complete.

29. A method of making a container having a body and a
rim defining an opening for the container, the opening being
capable of being closed by a push-on lid, the container being
made of a material which is susceptible to deformation when
heated, the method comprising the steps of:

a) providing a preform made of a material which is suscep-
tible to deformation when heated, the preform being in
the shape ofa closed-end tube with a rim at its mouth, the
rim comprising: an outward generally-radial flange hav-
ing an upper surface and a lower surface, the flange
extending from a radially inner end to a radially outer
end, the tube depending from the radially inner end of
the flange; a first detent simultaneously formed with the
flange as an upstanding elongate projection from the
upper surface of the flange, which detent is located at or
near the radially inner end of the flange; and a second
detent simultaneously formed with the flange as an
upstanding elongate projection from the upper surface
of the flange, which detent is located at or near the
radially outer end of the flange;

b) placing the preform in a pressure moulding apparatus at
an elevated temperature with the preform being located
in the apparatus at least in part by the second detent;

¢) expanding the tube under pressure to form the body of
the container; and then

d) moving the first detent in a controlled manner down-
wardly and outwardly relative to the second detent so
that the first detent projects inwardly into the opening for
the container;

wherein the first detent is shielded from the pressure
applied in step ¢) due to it being located in the pressure
moulding apparatus in a location that is not exposed to
the pressure applied in step ¢), and

wherein the first detent is located in a section within the
pressure moulding apparatus, wherein this section is
separated from the inside of the tube which is to be
exposed to pressure, to cause expansion of the tube, by a
shielding wall.



